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Clinical
Chemistry able to give a striking demonstration in a pathologic case (9) , and it can be suspected that it may be of importance in markedly altering the physical properties of the serum as investigated by present available means.
We therefore thought it might be of interest to study the effects on normal sera of an artificially obtained increase of the absolute or relative concentration of certain protein fractions. A report will be made of the findings in normal sera analyzed by the salting-out method of Butler and Montgomery, applying the technic and the criteria long used in experiments in the course of our researches (8) .
METHODS
Chemical fractionation of the serum proteins was performed by a method of which we now have long-standing experience. This method consists essentially of the following procedures (8) : Small quantities of the serum to be examined are diluted in a series of test tubes with constant volumes of a phosphate buffer, pH 6.5, in progressive concentrations.
After precipitation, the residual quantity of nitrogen in solution in each tube is determined by the micro-K jeldahl technic and a curve is plotted, the ordinate representing the quantity of protein, calculated by multiplying the values for nitrogen by the factor 6.25, whereas the abscissa represents the concentrations of the buffer, expressed in molarity of phosphoric acid. In this investigation, parallel determinations were rim in every case of the unmodified serum and every case of the same serum in which a protein fraction, prepared by either Method 6 or 10 of Cohn, had been previously dissolved. Nitrogen was assayed simultaneously in this dual series of precipitations, in identical conditions. Four protein fractions were added; these were identified according to the symbols used by Cohn. Three were obtained by Method 10 (II, IV, and V) and one by Method 6 (II + III). With Method 6 (1), adapted by us for determinations on small amounts of serum (15 ml.), separation of the serum protein fractions was obtained by reducing their solubifity, by gradually adding alcohol at low temperatures, and by modifying the ionic concentration so as to shift the pH to the characteristic isoelectric points of each fraction in turn. With Method 10 (2), the technic proposed by Lever and his co-workers for researches on small amounts of serum (6) was used. Although Method 10 differs greatly from Method 6 in regard to the technic, the fundamental principles are essentially the same. The advantages of Method 10 consist in the greater rapidity with which the fractions are obtained in the lower concentrations of alcohol used, and in the smaller variations of the pH, with which possible alterations of the characteristics of the proteins are reduced to a minimum. The fundamental novelty of the technic consists in the fact that advantage is taken of the lower solubifity of the salts formed by the proteins with bivalent ions.
The composition of the fractions obtained by these methods was studied by electrophoresis, with the following results:
Fraction II: exclusively y-globulins. Fraction II + III: y and a-globulins, containing almost all the serum cholesterol and a small amount of s-globulins. Fraction IV: s-globulins and albumin, together with a small amount of a-globulins. Fraction V: almost exclusively albumin.
The protein fractions added to the investigated sera were, in most cases, lyophylized following dialysis against distilled water; in other cases the protein fraction was added inimediately after thorough washing with the corresponding precipitating solution, without dialysis or drying. The results of these two different methods revealed no appreciable differences in preliminary researches. Fraction V proved completely soluble in the various sera examined, whereas the other fractions caused evident clouding of the sera, which was eliminated by centrifugation.
The quantity of protein added was sufficient in every case to increase the total serum protein by 1 to 1.5 Gm. per 100 ml.
A number of cases are illustrated in the diagrams which show the findings before and after the addition of protein fractions to the sera. In the lower part of each diagram the differences of protein concentration between the normal and treated sera are shown, corresponding to variations of 0.1 molarity of phosphoric acid. It must be pointed out that since the diagrams were obtained by joining the corresponding points of each determination, we, therefore, did not attempt to identify the fractions, as this would have exceeded the purposes of the present investigation.
Furthermore, the plotting of the per cent values of the protein concentrations according to the decimal scale would have been the most suitable method. But this was in contrast to the theoretical principle of Cohn's law, according to which the lines corresponding to the protein fractions are obtained by expressing the variations of the solubility logarithmically in relation to the concentrations of the salts (8) .
RESULTS
ADDITION OF FRACTION II OBTAINED BY COHNS METHOD
Five sera, 3 normal and 2 pathologic, were examined. A very uniform pattern was observed in the 3 normals and in 1 of the pathologic subjects. A quantity of protein, corresponding to the amount added, is constantly precipitated between 1.40 and 1.65 M (Fig. la) . In the other pathologic case, showing an evident increase of the fractions precipitated between 1.60 and 1.80 M, the addition of Fraction II determined a significant change of the behavior of the serum treated with the saline buffer. In this case, also (Fig. lb) , the precipitation of an amount of protein quantitatively equivalent to the fraction added occurs between 1.45 and 1.60 M. In addition, a new feature can be observed, i.e., the disappearance of the pathologically increased fraction between 1.60 and 1.80 M. For this reason the diagram indicating the differences in the protein concentration of the serum before and after adding Fraction II reveals a peculiar behavior in this case-the first part of the diagram (up to 1.60 M) is identical with that of the other 4 cases, but a difference of the two concentrations is again evident in the second part, in favor of the enriched serum. This difference is almost quantitatively equivalent to the amount of protein added.
ADDITION OF FRACTIONS II + Ill OBTAINED BY COHNS METHOD
Seven normal sera were investigated. In 4 the pattern was similar to that observed in normal sera to which Fraction II of Method 10 was added, inasmuch as comparison of the diagrams of the unaltered sera with those obtained after adding Fractions II + III revealed, in the latter, the precipitation of an amount of protein quantitatively equivalent to the added fractions, in the same position as after addition of Fraction II, although with a rather wider range. The drop of the differences between the concentrations started slightly earlier, at 1.30 to 1.40 M, and ended slightly later, at 1.80 to 2.00 M.
In 3 cases an interesting pattern can be observed. The onset of increased precipitation seems to coincide with the beginning of the diagram.
Although the maximum quantity precipitates between 1.40 and 1.60 M, excess precipitation occurs also between 0.70 and 1.40 M, even though the average corresponds to little more than the amount of protein dissolved in the serum (Fig. 2a) . .. 
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In the other 4 cases the results were rather different. Two zones of excess precipitation occurred, as compared with the untreated serum, a first corresponded to about 20 to 30 per cent of the amount added between the onset of precipitation and 1.40 M, and the second, more evident, corresponded to 50 to 60 per cent between 1.60 or 1.70 M and 2.00 M. Between these two fractions a barely appreciable drop occurs between 1.40 and 1.60 M (Fig. 2b) .
ADDITION OF FRACTION IV OBTAINED BY METHOD 10 OF COHN
Three normal sera were examined and revealed constant findings. In the diagrams of the treated sera, as compared with the unaltered 97.
a's
sera, two zones of excess precipitation were observed. The main one corresponded to 60 to 75 per cent of the total quantity of added protein, between 2.40 to 2.50 M and 2.90 M, with a miximum at about 2.70 to 2.80 M, and the other corresponded to 25 to 30 per cent, between 1.70 M and 2.00 to 2.20 M. In 2 of these 3 cases a small amount, equiv. alent to about 10 to 15 per cent of the added quantity, was found in the first part of the diagram, between 0.90 and 1.70 M (Fig. 3) .
ADDITION OF FRACTION V OBTAINED BY METHOD ID OF COHN
Five normal subjects were examined and revealed, with individual differences, a constant and typical behavior.
In each pair of diagrams the lines join at 2.90 to 3.00 M because of the massive precipitation of a protein fraction, constantly greater than the amount added, after 2.70 M. The aspect of the reciprocal relationships of the pairs of diagrams to the left of these values is very interesting: the diagrams are closer because of increased precipitation in the treated sera in a zone generally occurring between 1.20 and 1.50 M (Fig. 4a) . The diagrams then again separate more or less markedly because of a drop of the precipitation gradient of the treated sera, as compared with the untreated sera, which results in an increase of the difference of the concentrations of the proteins which becomes greater than the initial difference.
At about 2.00 M another drop of the increased protein concentration is apparent. Finally, shortly before the final precipitation, the diagram of the treated sera again becomes relatively fiat, determining an increase of the difference in protein concentration greater than the initial difference. In other words, the diagrams of the differences constantly show two depressions and two peaks: the first drop, as has already been stated, starts at 1.20 M or slightly earlier, and in 1 case (Fig. 4b) occurred between 0.90 and 1.10 M. The subsequent rise is sometimes slight (Fig. 4a) and sometimes pronounced (Fig. 4b) and occurs between 1.40 to 1.50 M and 1.90 to 2.10 M. This is followed by another drop of the difference up to 2.40 to 2.45 M, and then by an again more (Fig. 4a) or less (Fig.  4b) marked increase between 2.40 and 2.70 M. The degree of these variations, especially of the positive ones, appeared unrelated to the quantity of protein added in the 5 cases examined. The amount added was, moreover, rather constant (0.9-1.2-1.3-1.6-1.7
Gm. per 100 ml).
BEHAVIOR OF CERTAIN ISOLATED FRACTIONS
The two fractions that proved to have a practically pure electrophoretic composition, i.e., Fractions II and V, were assayed with the
p. by other workers (3), i.e., the precipitation occurred of amounts of protein quantitatively equivalent to the amounts added, but in part revealed patterns with unexpected and unforeseeable characteristics and variations. When an increase of the 7-globulins is produced, proteins precipitating between 1.40 and 1.65 M appear which are not present in the sera before treatment, and whose quantity corresponds to the amount of protein fraction that was added. However, other phenomena may also be observed.
Thus, in a pathologic serum with hypoalbumin emia, an abnormal protein fraction appeared between 1.60 and 1.75 M, in the range, using the terms of the salting-out technic, of what may be defined as the less soluble pseudoglobulins.
In fact, as well as the presence of the fraction found in the other cases, the disappearance of the abnormal precipitation present in the serum between 1.60 and 1.75 M was observed.
To interpret this finding it appears that increased solubiity of the described pathologic fraction must be admitted, that an equivalent amount of protein is in fact precipitated between 2.00 and 2.50 M. When plotted on paper, this corresponded to a shift to the right of this part of the diagram. The fact that the more soluble fractions were in no way influenced is also worthy of note. An increase of the albumin was followed by constant changes, even though their entity was different in the different parts of the diagram. In agreement with the findings in the same isolated fraction, the sera to which albumin had been added revealed increased precipitation between 2.70 and 3.00 M. Quantitatively, the amount precipitated was constantly slightly greater than the amount added to the sera. Further, as can be seen from the diagrams in Fig. 4 , the hypoalbumin emic sera constantly showed, as compared with the controls, two zones in which the precipitate was less than in the same unaltered sera, together with two zones in which greater precipitation was observed.
Thorough analysis of this finding is difficult and uncertain. However, an interpretation of these phenomena could be based on the supposition that the added protein modifies the solubifity of certain serum protein fractions, favoring the solubiity of some and a more rapid precipitation of others. It cannot be excluded that this effect is in part directly caused by the albumin and indirectly in part via modifications of other components of the serum by the albumin. On the basis of our observations it cannot be established what role should be attributed to either mechanism, direct or indirect. It must be noted that the position in relation to the molarity of the buffer of the zones with these changes varies greatly from case to case, and this variability cannot be attributed to the different amounts of protein added. Thus, in the two diagrams in Fig. 4 , in which the zones showing altered characteristics have variable positions, the percentage quantity of albumin added was the same (21 per cent for Fig. 4a and 19 per cent for Fig. 4b) .
The diagrams obtained by increasing the concentration of several fractions (addition of II + Ill and IV) are interesting in other respects. The pairs of diagrams coincide in various points and a variable drop of the increased protein is observed in the various cases, also because of the variable extension of the zone in which this occurs. The relatively inconstant composition of Fractions IT + m and TV may explain these differences.
In the sera to which Fraction IV was added, an amount of protein equivalent to 60 to 75 per cent of the quantity added precipitated between 2.70 and 2.90 M. If this pattern is compared with that observed with Fraction V, it can be assumed that the rapid precipita-individual fractions was much less than when pure fractions were used. It must finally be remembered that the differences observed between cases in identical experimental conditions may be partly attributed to the chemical heterogeneity of the electrophoretically pure fractions.
This refers especially to the albumin fraction, whose relative nonhomogeneity is easily appreciated by chemical methods (8) , but is difficult to demonstrate by electrophoresis. To conclude, the present series of researches have demonstrated the importance of the phenomena of interaction between the proteins in the plasma.
These processes were studied and revealed experimentally by Green (5) and by Cohn (1, 2).
SUMMARY
Salting-out
of sera to which known protein fractions had been added was performed, and parallel determinations were performed on the unaltered serum in every case. Two types of phenomena were observed: the added fraction apparently always precipitates in its characteristic range, and the addition of proteins sometimes did not modify the precipitation of the serum proteins, but in other cases determined important changes of the precipitation diagram.
The study of these changes proved the occurrence of processes of interaction between the various protein fractions of the sera.
